Appendix C

Risk Assessment Review for COU, POU, and OU3
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C1.0 Introduction

This appendix presents the methodology for reviewing and evaluating changes to chemical and
radiological risk assessment parameters that took effect during this five-year review (FYR)
period and details the results of the risk evaluation. The methodology used for this evaluation is
based on the methodology used for the comprehensive risk assessment (CRA) completed in
2006. The CRA included a-human health and ecological risk assessments for the Central
Operable Unit (COU) and the Peripheral Operable Unit (POU); a separate risk assessment was
completed for Operable Unit 3 (OU3) (DOE 1996). A summary of the CRA may be found in the
Third FYR report (DOE 2012), and the complete CRA 1s found as an appendix to the Remedial
Investigation/Feasibility Study (RI/FS) Report (DOE 2006).

In accordance with Comprehensive Environmental Response, Compensation, and Liability Act
(CERCLA) guidance, this FYR must provide an evaluation of changes to risk assessment factors
to determine if these changes impact the risks presented by residual contamination left within the
COU. The conclusions of this evaluation are then used to determine if the remedy remains
protective.

Although this FYR risk evaluation is limited to risks posed by residual contamination within the
COU, a separate review of the impacts of changes to risk assessment factors was conducted for
the POU and OU3. The purpose of this separate review was to determine if the unlimited
use/unrestricted exposure (UU/UE) designation s still valid at both OUs. The POU and OU3
were both deleted from the National Priorities List (NPL) in 2007 because they posed no
significant threat to public health or the environment (Volume 72 Federal Register p. 29276

[72 FR 29276]).

C2.0 Central Operable Unit

In the RI/FS Report (DOE 2000), the nature and extent of residual contamination in soil and
sediment were evaluated after completion of the Rocky Flats Cleanup Agreement accelerated
actions. Each nature and extent of contamination evaluation identitied analytes of interest
(AOIs). AOIs are chemicals that have been detected at concentrations that may contribute to the
risk to future receptors. The evaluation studied the extent of contaminants within the COU and
POU and evaluated which chemicals remained after the completed accelerated actions. The soil
AOIs identified in the RI/FS Report are presented in Table C-1.

In 2006, a comprehensive risk assessment was completed for the COU and POU to quantify the
risk of residual contamination remaining after accelerated cleanup actions (DOE 2006). The
CRA was conducted in accordance with the Comprehensive Risk Assessment Work Plan and
Methodology (DOE 2004), approved by the U.S. Environmental Protection Agency (EPA) and
the Colorado Department of Public Health and Environment (CDPHE). Calculations and
conclusions in the CRA were based on post-remediation data; that is, data collected after the
completion of all Rocky Flats Cleanup Agreement accelerated actions. To facilitate the CRA, the
lands comprising the COU and POU were divided into the 12 exposure units (EUs) shown in
Figure C-1. The basic methodology for conducting human health risk assessments, as described
in the Risk Assessment Guidance for Superfund (EPA 1989), has not changed since the CRA was
completed.
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Table C-1. Soif Analytes of Inferest Identified in the Remedial Investigation/Feasibility Study Report

Surface Soil (0-0.5 feet) | Subsurface Soil (0.5-8 feet) | Subsurface Soil (>8 feet)
Radionuclides
Americium-241 -
Plutonium-239/240 PIﬁ{;‘;‘L‘i'ﬂ“_gégLO
Uranium-233/234 . Plutonium-239/240
. Uranium-235
Uranium-235 Uranium-238
Uranium-238 :
Metals
Aluminum
Arsenic Chromium (total)
Chromium (total) Lead
Vanadium
Volatile Organic Compounds (VOCs)
1,1,2,2-Tetrachloroethane
Carbon tetrachloride
Chloroform
Tetrachloroethene Methylene chloride
Tetrachloroethene
Trichloroethene
Semivolatile Organic Compounds (SVOCs)
Benzo[a]pyrene
Dibenz]a hlanthracene Benzo[a]pyrene Benzolalpyrene
Polychlorinated Biphenyls (PCBs)
Aroclor-1254
Aroclor-1260 Aroclor-1260
2,3,7,8-TCDD
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C2.1 Risk Definitions
This section presents the definitions of key risk terms used throughout this appendix.

95 percent upper confidence limit (9SUCL): The statistical upper bound estimate of the mean
for a set of samples and a conservative measure of the average concentration. As a general rule,
EPA recommends use of the 95UCL as the exposure point concentration for soils at a site
(EPA 2002).

Cancer risk: The added probability of an individual or population of developing cancer during a
lifetime as a result of exposure to site contaminants. The acceptable risk range for CERCLA sites
is an added risk of less than 1 in 1,000,000 (1 x 10°%) to a maximum of 1 in 10,000 (1 x 107%).

Dose conversion factor (DCF): The dose to the human body associated with an exposure to a
radionuclide (usually presented in millirem per picocurie [mrem/pCi] or millirem per year
[mrem/year]/picocurie per gram [pCi/g]).

Hazard quotient (HQ): The ratio of the exposure level of a single substance to an acceptable
noncarcinogenic toxicity value. If multiple substances are present, hazard quotients are summed
in a hazard index. For CERCLA sites, the maximum acceptable hazard index is 1.0.

Maximum detected concentration (MDC): Maximum concentration detected in any soil
sample for a given constituent and exposure unit.

Slope factor: An estimate of the risk of developing cancer associated with exposure to a
carcinogenic or potentially carcinogenic substance.

C2.2 CRA Review Methodology

As one of thean initial steps in the comprehensive risk assessment process (Figure x-x}, residual
concentrations of constituents in soil for each EU were compared to preliminary remediation
goals (PRGs) developed for a wildlife refuge worker (WRW). The PRGs represent
concentrations for individual chemicals that would equate to a carcinogenic risk of 1 x 10 or a
noncarcinogenic HQ of 0.1 based on the exposure assumptions for the WRW. The 2006 CRA
marimum-permissible-limitindicates an exposure that exceeds a reference dose. The PRGs were
developed using toxicity data that were current at the time of the CRA and were developed for
exposures to both surface and subsurface soils. PRGs for subsurface soils are higher than those
for surface soils, as it was assumed that the exposure frequency would be much lower (20 days
per year compared to 230 days per year). The MDC for each detected constituent at each EU was
compared to its respective PRG. If the MDC was less than the PRG, the constituent was
eliminated from further consideration. If the MDC exceeded the PRG, the 95UCL of the mean
for that constituent was compared to the PRG. If the 95UCL was less than the PRG, the
constituent was eliminated from further consideration. If the 95SUCL exceeded the PRG, the
constituent was further evaluated based on frequency of detection, comparison to background
concentrations, and professional judgement. Constituents passing through these remaining
screening criteria were identified as contaminants of concern (COCs) for each EU (Table C-2)
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and were further evaluated in the CRA. (Note that the analytes of interest screening process and
CRA EU-specific COC screening process were somewhat different and produced different
results.) In the 2006 CRA, COCs were only identified for surface soils. All constituents in
subsurface soils were eliminated by the 9SUCL screen and no quantitative risks were calculated.
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Table C-2. Surface Soil COCs [dentified for Each EU in the CRA

Exposure Unit
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EL|D>a| 2| z2k| 26| aa [ d0 | EWw| 2 vaded
Part of COU ® ® @ ® ® ®
Part of POU @ @ @ L @ L @ @ @ ® @ @
Arsenic X - X - - - - - - - - -
Vanadium - - - X - - - - - - - -
2,3,7,8-TCDD - X - - - - - - - - - -
Benzo[a]pyrene X X - - X - - - - - - -
Plutonium-239/240 - - X - - - - - - - - -

Abbreviations:

2,3,7,8-TCDD = 2,3,7,8-tetrachlorodibenzo-p-dioxin

X = constituent was designated a COC in the 2006 CRA

- = constituent was not designated a COC in the 2006 CRA

C2.3 FYR Risk Evaluation

The following sections discuss the review methodology and results from this FYR risk
evaluation for the COU. The sections have been separated into chemical and radionuclide
constituents because the methodologies for these evaluations were slightly different.

C2.3.1 Chemical Constituent Review Methodology

Because the first two steps of the COC screening process in the CRA relied on a comparison of
residual soil concentrations with the WRW PRGs, any subsequent changes to exposure
assumptions or toxicity values used to calculate the PRGs could change the outcome of the
screening process. For this FYR risk evaluation, a methodology similar to that described above
for the CRA was applied to determine the impact of changes to risk assessment parameters for
surface soils. Figure C-2 presents the screening methodology. In lieu of recalculating over 200
site-specific PRGs for a WRW, this FYR risk evaluation utilized the EPA regional screening
levels (RSLs) for industrial soil as a proxy for revised WRW PRGs (EPA 2016a). The RSLs
incorporate current toxicity data and methodologies for the same exposure pathways of concern
for the WRW. The default exposure assumptions for the industrial soil scenario are very similar
to those used for the WRW for surface soils. Table C-3 compares the key assumptions used in
RSL and site-specific PRG calculations. Where exposure factors are not the same, those used by
EPA tend to be more conservative (i.e., assume a greater degree of exposure). Therefore, it was
determined that the EPA industrial soil RSLs were an acceptable screening tool to represent

U.S. Department of Energy Fourth Five-Year Review Report for the Rocky Flats Site, Colorado
July 2017 Doc. No. S15528
Page C-6

ED_002619_00000155-00008



updated surface soil WRW PRGs (referred to as “updated WRW RSLs” for the remainder of this
appendix).

¢ Compare PRGs from 2006 CRA ™
.. toupdated WRW RSLs

For each comstifuent!
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i each onstituent MG > RSL?

Yes

For each B R
s ASUCL for sach comditusnt » RL?

Yas

£ e3rei
maximans sdetested cancs
iminary remadiation gost
58 = regh woing favel
LA = upper sonfideros it

i

Asdditional Bvaluation

Figure C-2. FYR Risk Assessment Review Process

Table C-3. Comparison of Key Exposure Assumptions for RSLs and PRGs

Exposure Factor (units) EPA RSL Default Value WRW PRG Assumption
Frequency of exposure (days/year) 250 Sig:j;:j;!i’iésgo
Exposure duration (years) 25 18.7
Exposure time (hours/day) 8 8
Soil ingestion rate (milligrams/day) 100 100
Adult body weight (kilograms) 80 70
Skin surface area (square centimeters) 3527 3300

The complete list of surface soil PRGs developed for the comprehensive risk assessment was
compared to the updated WRW RSLs list (EPA 2016). Of the more than 200 original PRGs that
were evaluated, slightly more than half of the PRGs were higher than (i.e., greater than) the
updated RSLs. This means that some COCs could have been eliminated during the original CRA
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screening process that would have been retained based on more current data. The vast majority
of the lower RSL values were for organic chemicals of which many are volatile organic
compounds (VOCs). EPA has recently finalized guidance on vapor intrusion (EPA 2015) and as
a result has updated information on many VOCs included in the RSL tables. Additionally, the
EPA approach to evaluating risks for the inhalation pathway was finalized in 2009. The
methodology used in the CRA reflects older guidance for estimating exposures for this pathway.
It is likely that a combination of these factors explain why such a large number of the PRGs are
higher than current RSLs. Decreases for most constituents were within an order of magnitude,
but RSLs for a few constituents are several orders of magnitude lower than PRGs

(e.g., cyclohexane).

Where PRGs were lower than current RSLs, it was assumed that results of the original screening
process are still valid. Where RSLs were lower than PRGs, a rescreening of the EU statistical
data was performed. EPA RSLs that were lower than PRGs were compared to data presented in
the CRA for each EU. The analytical data (MDCs and 95UCL values) used in this FYR are the
same data used in the 2006 comprehensive risk assessment; no new data were collected to
support this FYR. The MDCs and 95UCLs used in the surface soil screening were compared to
the RSLs. If 9SUCL data were not already tabulated, a 9SUCL was calculated from statistical
data provided in the CRA. If MDCs or 95UCLs were lower than the current RSLs, constituents
were eliminated from further consideration. All other constituents were retained for further
evaluation. Table C-4 presents the results of the chemical screening process by EU; Table C-5
summarizes the screening process by constituent.
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Table C-4. Surface Soil Chemical Constituent Screening Results by EU

Constituent

Industrial Area EU

Upper Woman
Drainage EU

Wind Blown EU

No Name Guich EU

Upper Walnut
Drainage EU

Lower Woman
Drainage EU
Rock Creek EU
Lower Walnut
Drainage EU
Inter Drainage EU
West Area EU
Southwest Buffer
Zone Area EU
Southeast Buffer
Zone Area EU

Arsenic

Vanadium

2,3,7,8-TCDD

Aroclor-1254

Aroclor-1260

Benzo[alanthracene

Benzo[alpyrene

Benzo[b]fluoranthene

Cobalt

Dibenz[a, hlanthracene

Indeno[1,2,3-cd]pyrene

Lead and compounds

Mercury (elemental)

Naphthalene

N-Nitroso-di-n-propylamine

Uranium (soluble salts)?

X

X

Notes:

@ The revised risk-based screening level for uranium was calculated using the oral reference dose recommended in
EPA’s December 2016 memorandum (EPA 2016b). This screening level is lower than that contained in EPA’s

current RSLs.

X = constituent MDC > WRW RSL

- = constituent MDC or 95UCL < WRW RSL
Shaded boxes indicate 95UCL > WRW RSL.
Arsenic and vanadium were included in this table because these constituents were identified as COCs in the CRA
and their 95UCL exceeds their PRG.

Abbreviations:

2,3,7,8-TCDD = 2,3,7,8-tetrachlorodibenzo-p-dioxin
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Table C-5 Surface Soil Chemdcal Constituant FYR Screening Resulfs by Constituent

All Constituents with PRGg?

Constituents

Constituenis

Constituents

Where
EPARSL <

Where
EPA RSL < PRG

Where
MDOC > EPA

PRG®

{any EU¥F

RSL.
{any EUY

Acenaphthene

Acenapthylens

Acelone

>

Acrolein

Acryvloniirile

¢ [ [ |

Alachlor

Aldicarb

Aldicarb Sulfone

Aldicarb sulfoxide

Aldrin

Aluminum

Ammonia

Anthracens

Antimony (metallic)

Aroclor 1018

Arpclor 1221

Aroclor 1232

Arpolor 1242

Aroclor 1248

Arpolor 1254

Aroclor 1280

[ R LR A I P e

[N RN

Arsenic, Inorganic

Alrazine

Barium

Benzene

=

Benzidine

Benzialanthracene

Benzolalpyrene

Benzolblluoranthene

RO A E DO A D A B [ [ o o [ Do [ o [ b | o I

O A P

I I |1

Benzolg h.ilperviens

Benzolklflucranthens

=

=

Benzoic Acid

Benzyl Alcohol

=

=

Beryllium and compounds

Bis(Z-chioroethyhether

B

Bis{2-chioro~-1-methviethyh ether
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Constituents Lonstituents Constituents
Where Where Where
EPARSL < EPARSL < PRG MDC » EPA

PR {any EUS REL
{any EUV

All Constituents with PRGs*

Bis(Z-ethvihexyhphthalate X X
Boron And Borales Only
Bromeodichioromethang
Bromoform

Bromomethane

2-Butanone (Methyl Ethy] Kelone)
Butyl Benzyl Phthalate

Cadmium Dieh

Carbazole

Carbofuran

Carbon Disulfide

Carbon Tetrachioride
Chiordang-alphs

Chiordane-hets
Chiordang-gamma
4-Chioroaniling

Chiorobenzene

Ethyl Chioride ({Chioroethane)
Chioroform

Chioromethane (methyl chioride)

4-C horo-3-methviphenol {Cresol, p-

chioro-m-} -
2-Chloronaphthalens (Beta-)

Chiorophenel, 2-
Chiorpyrifos
Chromium{ih Insoluble Salts
Chromium{yl
Chrysene

Cobalt

Copper

Cvanide (CN-}
Cyclohexane

pDD

DRE o.p-

pDT

Dalapon

Demeton
Dibenziahlanthracene
Dibenzoturan

=

[Pl F O F D F e o
[ 1P Fh e

R R
[P 1

¢ (I 11X
i

W |
=i

=

=

I

= X X |
O A P
I

(DS R D O B L R ]
x| [IX

>
=

[ 1P
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All Constituents with PRGs*

Constituents

Lonstituents

Constituents

Where
EPARSL <

Where
EPARSL < PRG

Where
MDC » EPA

PRG®

{any EUS

REL
{any EUV

Dibromochloromethane

1.2-Dibromo-3-chioropropane

3 1

Dibutyl Phihalate

Dicamba

Dichiorobenzene, 1.2~

Dichlorobenzene, 1.3

Dichiorobenzens, 1.4~

Dichiorobenzidine, 3.3~

Dichlorodifluoromethane

Dichiorosthane, 1,1~

Dichloroethans, 1.2«

¢ {1 I |

Dichioroethylene, 1,1~

Dichicroethens, 1.2~ {dotal)

Dichiorophens!, 2 4-

Dichicrophenoxy Acetic Acid, 2. 4-

Dichicrophenoxyibutvric Acid, 4-(2 4~

Dichlcropropans, 1.2~

i

Dichioropropane, 1,3«

Dichicropropens, cis-1,3-

Dichloropropene, frans-1,3-

Dieldrin

>

1

Diethyl Ether  (Ethvl Ethen

Di(2-ethyvihexvhadipate

>

Diethyl Phihalale

Dimethoale

Dimethviphenol, 2.4-

Dimethviphthalate

xR

Dinitro-o-craesol, 4 8-

Dinitrophenol, 2 4-

1

Dinitrotoluene, 2. 4-

Dinitrotoluene, 2.8~

di-N-Octvl Phthalate

(DS R L ED o Fle O ED O e O ED ol He O ]

=

Dinoseb

Dioxane, 14-

TCDhB, 23758

>

=

Diphenvihvdrazine, 1.2~

D P O b

Diguat

Endosulfan |
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Constituents Lonstituents Constituents
Where Where Where
EPARSL < EPARSL < PRG MDC » EPA

PR {any EUS REL
{any EUV

All Constituents with PRGs*

Endosulfan i
Endosulfan Sulfate
Endosulfan (technicah
Endrin
Endrin aldehyde
Endrin ketone ~
Ethyl Acetale X
X

Ethyibenzene
Ethyiens dibromide (Dibromosthans, 1.2

Fluosranthene

[

Fluorene X
Flugrine (Soluble Fluoride)

Glyphosate _
Guthion {(Azinphos~-meathyh

Hepiachlor

Heptachior Epoxide
Hexachiorobenzens
Hexachlorobutadiens
Hexachiorooyolehexane, Alpha-
Hexachlorocyclchexane, Bela-
Hexachlorocyclchexane, Gamma-

{Lindane)

Hexachiorocyclohexane, Delia-
Hexachiorocyolohexane, Technical
Hexachlorocyclopentadiens
Hexachiorodibenzo-p-dioxin
HxCDD, 1,236,778

HxCDD, 1,2,3,7.8.8-
Hexachiorcethane
indenol1,2,3-cdipyrene

fron

iIsobutyl Alcohol

isophorone
isopropyibenzens {Cumene)

Lead and Compounds
Lithium

Manganese (Dieh)
Mercury (elementab

Methoxyehior _

i

[P 1

1 [ 1 s

N X R X R X |

1
=

=

B2

¢ [ s
I |ix

>
>
=
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All Constituents with PRGs*

Constituents

Lonstituents

Constituents

Where
EPARSL <

Where
EPARSL < PRG

Where
MDC » EPA

PRG®

{any EUS

REL
{any EUV

MCPA

MCPP

Methviene Chioride

Methvl Methacrviale

Methyvinaphthalene, 2-

I ¢ |

=

Meihyl Isobutyl Kelone (4-methyl-2-
pentanone)

B

=

Z-Methviphenol (Cresol, o)

4-Methviphenol (Cresol, p

Meathyl tert-Butyl Ether (ATBE)

Mirex

R R

Molybdenum

MNaphthalens

[

i

Nickel Soluble Salts

MNitrate

Nitrite

MNitroaniline, 2-

iR St B ity

Nitroaniline, 4-

Nitrobenzene

= [ P

Nitrophenol, 4-

Nitroso-di-N-butvlamine, N-

Nitrosodiethylaming, N-

Nitrosodimethylamine, N-

Nitrosodiphenyiamine, N-

Nitroso-di-N-propylaming, N-

=

I

Nitrosopyrrolidine, N-

Nitrololueng, p-

=X R X R X R |

Cictahydre-1.3,8 7-tetranitre-1,3.5 7-
tetrazocine (HMX)

COxamyl

Parathion

Pentachlorobenzene

FPentachiorophenol

>

Phenanthrene

FPhenol

Picloram

Pyrene

Selenium

Silver
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All Constituents with PRGs*

Constituents

Lonstituents

Constituents

Where
EPARSL <

Where
EPARSL < PRG

Where
MDC » EPA

PRG®

{any EUS

RSL

{any EUV

Simazine X
Strontium, Siable
Styrene X
Sulfide

Tetrachiorobenzene, 1,2.4.5-
Tetrachioroethane, 1,1.1.2-
Tetrachiorpethane 1,122~
Tetrachloroethyiens
Tetrachlorophenol, 2.3 4.8-
Thallium (Soluble Salts) X
Tin

Titanium

Toluensg

Toxaphens

Trichivrobenzene, 1.2.4-
Trichloroethane, 1.1.1-
Trichioroethane, 1,1.2-
Trichloroethylens
Trichioroflucromethane
Trichiorophenol, 2.4.5-
Trichiorophenol, 2.4.8-
Trichlorephenoxypropionic acid, -2.4.5
Trichioropropane, 1,2,3-

Trichlore-1.2 2-triflucroethane, 1.1,2-
Trinitrotoluene, 2,4 6-

Uranium (Soluble Salis)

Yanadium and Compounds

Vinyl Acetate

Vinvi Chioride

Aylene, P-

Xylene, m-

Xvleng, o~

Xylenes
Zinc and Compounds

=

i

[

¢ {1 I |
[P 1

>
1

R He A ]
=i

=
=
I

¢ s e [ [ IR |

>

2 This column lists all constituents for which WRW PRGs were developed. The constituenis are arranged in the same
order as they were in the CRA methodology document whers the PRGs were developed (DOE 2004,

P This column lists all constituents where the May 2016 EPA RSLs were [ower than the WRW PRGs.

°This column includes all constituents that were detected and carried through the original CRA screening process for

any EU.
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¢ This column contains all constituents with an MDC that excesded an EFPA RSL. Note that arsenic and vanadium are
net carried past the first column in this table because the EPA RSLs are greater than the WEW PRGs and
rescreening isn't required,

¢ The revised risk-based screening level for uranium was calculated using the oral reference dose recommended in
EPA's December 2016 memorandum (EPA 2018). This screening level is lower than that contained in EPAs

Cu
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EPA'S Qmmk}mr 2@1@ RITIOA nd Biaal { EPA 291@\ Th;&; SCresning l@v&i 8- isw@,\r maﬁ that oamamad» in-ERAS
current-RE8Ls-

Beesuse-nNo COCs were identified in the CRA for subsurface soils._ -and-bBecause the
reevaluation of surface soil data discussed above indicated that the CRA process was sound in
identifying COCs, 1t was decided that rescreening all PRGs against mbsu; faue sosl dd‘(d was not
warranted. & A more targeted approach was taken in this FYR-te-answer Question] bregard
to-subsuriaee-seiks by focusing on constituents that were most hke}h o be prg%m in subbuiiauc
soils. An abbreviated PRG list was used for subsurface soil screening based on the results of the
surface soil screening process. This included all constituents for which any surface soil MDC
exceeded the surface soil PRG (constituents listed in Table C-4 and last column in Table C-5);
tetrachloroethene was also added to this list as it was identified as a subsurface analyte of interest
in the RI/FS (Table C-1). The constituents evaluated along with screening results are listed in
Table C-6. Original subsurface soil PRGs were 11.5 times higher than surface soil PRGs because
of the lower frequency of exposure {20 davs versus 230 davs) (DOE 20043 Therefore, Tthe
current WRW RSLs were multiplied by 11.5 to obtain current estimates of subsurface WRW
PRGs. The screening with this smaller set of PRGs proceeded in the same manner as the surface
soil FYR evaluation described above.
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Table C-6. Subsurface Soil Chemical Constituent Screening Results by EU

Constituent

Industrial Area EU
Upper Woman
Drainage EU
Wind Blown EU
No Name Guich EU
Upper Walnut
Drainage EU
Lower Woman
Drainage EU

Rock Creek EU
Lower Walnut
Drainage EU

Inter Drainage EU
West Area EU
Southwest Buffer
Zone Area EU
Southeast Buffer
Zone Area EU

2,3,7,8-TCDD
Aroclor-1254 X - - - - - - - - - - -
Aroclor-1260 - - - - - - - - - - - -

Arsenic X - - - - - - - - - - -

Benzo[alanthracene -

Benzo[alpyrene X

Benzo[b]fluoranthene -
Cobalt -

Dibenz(a,h)anthracene X - - - - - - - - - - -

Indeno[1,2,3-cd]pyrene - - - - - - - - - - - -

Lead and compounds - - - - - - - - - - - -

Mercury (elemental) - - - - - - - - - - - -

Naphthalene X - - - - - - - - - - -

N-Nitroso-di-n-propylamine - - - - - - - - - - - -

Tetrachloroethene - - - - - - - - - - - -

Vanadium - - - - - - - - - - - -

Uranium (soluble salts) X - - - - - - - - - - -

Notes:
Arsenic and vanadium were included in this table because these constituents were identified as COCs in the CRA
and their 95UCL exceeds their WRW PRG.

Abbreviations:

2,3,7,8-TCDD = 2,3,7,8-tetrachlorodibenzo-p-dioxin
-=MDC < EPA RSL

X =MDC > EPA RSL

C2.3.2 Chemical Constituent Evaluation Results

Surface Soils. As was the case in the original comprehensive risk assessment screening process,
nearly all constituents were eliminated in this FYR risk evaluation based on the MDC
comparison screen. Despite the lower EPA RSLs, the MDCs were typically much lower than
those screening values. Very few constituents were retained by the RSL screen that were not also
retained by the PRG screen. Among these is uranium, for which EPA has recently recommended
a much lower toxicity value (EPA 2016). Most constituents passing the RSL screen were
subsequently eliminated based on the 9SUCL comparison or following additional evaluation
(e.g., frequency of detection <5%). Of the constituents evaluated in this FYR evaluation
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screening process, only four constituents passed through the 9SUCL screen. These are
summarized in Table C-7.

Table C-7. Chemical Constituents and EUs where 95UCL Exceeds Current Screening Level

Exposure Unit
o
o z 2 5|5
£
g | < mn| 8| « e > | s o | 5 |55/ E5
o [ S S < > =) o 3
. < |E3| 5| 8|22 2| 5 |E2| §| W | gum awm
Constituent _ o 2 = ) 9 = £ @ Be|pa
& ; o ko) ¢ ; o ; o 4 ; o © ] o 9 & o
- o ) & D o T [+)] S 2 o
+ - B & v @ @ . @ o < 29 ¢«
(2] [T~ e = o c 0 c X [T - 4 S0l = o
3 Qg = o5 2% © E @ A S| 5S¢
[o e = [e] 0 ™ [e] ™ b= [oIe} [e e
£ | oal =2 = Sa | Ja 4 aao | £ Z AN HN
Arsenic X - X - - - - - - - -
Vanadium - - - - - - - - - -
2,3,7,8-TCDD X - - - - - - - - -
Benzo[alpyrene X X - - - - - - - -
Dibenz[a, hlanthracene - X - - - - - - - - -
Notes:

Shaded boxes differ from the CRA results.

Abbreviations:

2,3,7,8-TCDD = 2,3,7,8-tetrachlorodibenzo-p-dioxin

- = constituent not considered a COC in CRA.

X = constituent would be considered a COC based on CRA screening methodology

As in the original comprehensive risk assessment, dioxin was identified as a COC for the Upper
Woman Drainage EU and benzo[a]pyrene as a COC for the Industrial Area EU, Upper Woman
Drainage EU, and the Upper Walnut Drainage EU. Based on the rescreening process,
benzo[a]pyrene would also be considered a COC for the No Name Gulch EU, with
concentrations slightly above the current RSL. The rescreening process also confirmed that
arsenic is still considered a COC for the Industrial Area EU and Wind Blown EU based on
current RSL concentrations; estimated risk levels associated with residual arsenic would be
similar to that in the CRA. The arsenic 9SUCL for all the other EUs also exceeded the PRG
(and the current RSL) but arsenic was eliminated as a COC for those EUs in the CRA based on
subsequent screens. Based on the current vanadium RSL, vanadium would not be a COC. The
vanadium PRG is based on a lower toxicity value than is currently being used by EPA; however,
vanadium 1s still undergoing study and this value could change in the future. As in the CRA,
dibenz[a, h]anthracene did pass through the 9SUCL screen for the Upper Woman Drainage EU;
however, the frequency of detection was less than 5% for this constituent, and it was eliminated
on that basis. For the most part, the rescreening process confirmed the results of the CRA for
surface soils.

Subsurface Soils. The MDCs for a number of constituents exceeded the updated WRW RSLs.
However, all constituents dropped out based on the 95UCL screen, and the reevaluation
confirmed that there are no subsurface COCs.

The vapor intrusion pathway was identified in the CRA as a potentially complete pathway for
VOCs in subsurface soils, including those at depths greater than 8 feet. Most of the AOIs
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identified for subsurface soils in the RI/FS Report are VOCs (Table C-1). EPA has finalized
guidance for evaluating the vapor intrusion pathway (EPA 2015) and provided guidance for
evaluating this pathway in five-year reviews (EPA 2012b). Updated toxicity data are also
available for some VOCs that are identified as AOIs at subsurface depths greater than 8 feet
(e.g., tetrachloroethene and trichloroethene). However, institutional controls are in place at the
COU that eliminate the vapor intrusion pathway by prohibiting the construction of habitable
structures. Remedial action objectives (RAQOs) and cleanup goals remain valid and are not
affected by updated guidance and toxicity data as long as institutional controls remain in place.

In addition to the toxicity values discussed above, EPA is reviewing the toxicity of two COCs for
the COU, arsenic and benzo[a]pyrene. The arsenic study suggests that current methods of
estimating risks from arsenic due to soil ingestion likely overestimate actual risks. The EPA
study of benzo[a]pyrene (EPA 2014) is not yet completed, and results cannot be cited at this
time. Changes in slope factors may be forthcoming, but are not yet available. None of these
additional ongoing studies are anticipated to affect the protectiveness of the remedy.

(C2.3.3 Radiological Constituent Review Methodology

As various scientific radiological organizations and communities (e.g., Center for Radiation
Protection Knowledge, International Commission on Radiological Protection [ICRP], and EPA
Federal Guidance Reports [FGRs]) gain greater knowledge of the effects of ionizing radiation on
humans, changes are made to their supporting and guidance documents that are then used in
radiological risk and dose calculation tools, such as the online EPA PRG calculator and the
RESRAD dose model.

Informationfrom-tThe current EPA gnline PRG calculator was used in this FYR radiological risk
svaluation-review to determine if the risks from radionuclides to the WRW in the COU remain
within the acceptable CERCLA risk range (i.e., 1 x 10 to 1 x 10°%). infesmationintThe online
PRG calculator incorporates the numerous changes to toxicity factors that have occurred since
2006, including revisions specific to Puphstenium and Usrantum. In fact, 18 revisions have been
made to the PRG calculator since 2001. In September 2014, a significant revision was adopted
that follows EPA recommendations concerning the use of exposure parameters from the EPA
Lxposure Factors Handbook (EPA 2011). New slope factors for radionuclides have been
programmed into the calculator that were derived following Federal Guidance Reports 12 and 13
using the updated isotope list from ICRP107. The cancer slope factors used by the PRG
calculator are provided by the Center for Radiation Protection Knowledge. Examples of some of
the slope factors used in the CRA (2006) compared to those found in the current EPA PRG
calculator (2017) are shown in Table C-8.

: the 1nput parameters used in

S35 the current

mthrn the acceptable FPA risk range (1 x 10" to a-1 x 10 ®level-of rrsk}. These updated PRG

values were then compared to the WRW PRG values from the 2006 CRA. For completeness, this
FYR considered *??*'Pu (the only radionuclide COC identified in the 2006 CRA), *'Am, U,
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radionuclides associated with RFP historical operations.

The CAD/ROD determination of risk level was based on a comparison of measured
concentrations 1o target risk levels caloulated 1n the CRA for WRW and WRYV scenarnios, Theis
methodology used for this FYR review does not require input of site-specific analytical data
because PRGs represent concentrations based on a target risk level rather than a calculated risk
due to measured concentrations. As such, no new soil analytical data were collected for this FYR
risk evatuationreview. Changes in PRG values (from 2006 to 2017) are the result of changes
made to either-the calculators and how ithey functions (e.g., formulas used in the calculations
process have been modified/updated) or the scientific data that the calculators uses to compute
risk (e.g., isotopic cancer slope factors or DCFs), or a combination of both.

Table C-8.Comparison of Slope Factors for Various Pathways

19948 | 2006 2017
Isotope -
Adult Ingestion
241 Am 2.40 x 1010 9.1 x10™M 9.1 x10M
239py 2.30 x 1010 1.21 x 1010 1.21 x 1010
24y 1.60 x 10" 511 x 10" 511 x 10"
=5y 1.60 x 10" 4.92 x 10" 4.92 x 10"
28y 1.60 x 10" 4.66 x 10" 466 x 10"
Adult Inhalation
241Am 3.20 x 108 2.81x 108 3.77 x 108
%Py 3.80 x 10 3.33x10°% 555 x 10
234y 2.60 x 10°% 1.14 x 108 278 x 10°®
35y 2.50 x 10® 1.01 x 108 2.50 x 10
238y 2.40 x 10°® 9.32 x 10° 2.36 x 10°®
Adult External Exposure
241 Am 4.90 x 10° 2.76 x 10°® 277 x 10°%
239py 1.70 x 10 2.00 x 10710 2.09 x 1010
24y 3.00 x 10" 2,52 x 1010 2.53 x 1010
25y 2.40 x 107 5.18 x 107 551 %107
28y 210 x 10" 4.99 x 10" 1.24 x 1010

sovintaina-cefoalesal

&

2006 The resulting
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C2.3.4 Radionuclide Constituent Evaluation Results

Table C-9 contains the PRG comparison results for the WRW in the COU. As shown in the
table, the 2017 PRGs calculated-values for “Y'Am and U at the 1 x 10 risk level each
radtonuelide are less conservative (i. e. , larger) than the PRGs calculated in 2006 at the same risk
level. The 2017 PRGs calculated for 2Py, 20py 237 and 2% are slightly more conservative
(i.e.. smaller) than the PRGs calculated in 2006 at the 1 x 10 risk level. The largest decrease in
PRGs for any radionuclide is 2*U7 which decreased from 293 nCi/e t0 22.9 nCi/g. a difference
of 6.4 pCi/g. The decrease in calculated PRGs from 2006 for “ Py, **Py, #*U, and **1J is most
likelv attributed to the revision of the Pu and U slope factors adopted by EPA since 2006 {see
Table C-81. Although the calculated risk associated with these four radionuclides increased
Ewhtiv the risk remains on the Engzhsﬁ end (1 €. most pmteclwe) of the usk range ’m:iws:en 1 x
107 and 1 x 10, Therefore-even-thoush-¢
6%%&%%%&%29% in SUMIMary, the Lakuidred 3 sk toa Vv RW Femeéwﬂ the COU
remains within the accepiable risk range considered by EPA 10 be protective of human health
and therefore, the remedy in the COU remains protective.

i Tl S RS- £33 -3, -: 4 4 (

Table C PRG Comparison for WRW? inthe COU
(pCilg-at-10-Srisi-tavel)

2017 PRG

Isotope 2006 ng PRG® ngcygg

{eCia) 2017 PRG

Risk Level 1x16° 1x16° 1x10° 1x10€
21 Am 7.69 1150 115 281115
239py 9.78 929 82.9 43185028
2Py 2.80 931 83.1 9.31

34y 25.31 2000 200 26.8620.0
25 1.05 454 45.4 1.084.54
238 20.33 2290 279 34.3822.0

2 The caloulated risk to a Wildiife Refuge Visttor (WRV) in the COU is less than the calculated tisk to a WRW. primarily dug

to the difference in exposure frequency. The WRW scenario exposure frequency for an adult is 230 davs/yvear, the WRY

scenario exposure frequency for an adult 15 250 hoursfyvear,

Y DOE 2
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C2.3.5 Radiological Dose Assessment Review

In addition to human health risk calculations performed in the comprehensive risk assessment, a
radiation dose assessment for exposure to residual radionuclide contamination in surface soil and
subsurface soil was also completed. The purpose of the dose assessment was to demonstrate
compliance with the annual dose limits in Colorado Radiation Control Regulations (Volume 6
Code of Colorado Regulations Regulation 1007-1, Part 4 [6 CCR 1007-1, Part 4]), which were
identified as Applicable Relevant and Appropriate Requirements (ARARs) in the Corrective
Action Document/Record of Decision (CAD/ROD) (DOE 2006). For radiological sites that do
not allow for unrestricted use, as is the case for the COU, Colorado regulations require that
institutional controls be in place that reasonably ensure that the total effective dose equivalent
from residual radioactivity at the site does not exceed 25 mrem/year (6 CCR 1007-4.61.2).

RESRAD-ONSITE is a pathway analysis computer code that calculates radiation doses and
cancer risks to a critical population group and can be used to derive cleanup criteria for
radioactively contaminated soils. Since 2002, eight revisions have been made to RESRAD-
ONSITE (RESRAD). In 2014, RESRAD was revised to allow dose conversion factor database
and software capability for ICRP107. In 2016, RESRAD was revised to provide options to
choose between the ICRP38 radionuclide decay database and the ICRP107 radionuclide decay
database; ICRP38 supports the use of either ICRP26/30- or ICRP60/72-based dose coefficients,
and ICRP107 supports the use of ICRP60-based dose coefficients from DCFPAK 3.02. A
comparison of the RESRAD version 6.3 dose results to the RESRAD version 7.2 dose results
indicates ittle change in total dose (see Table C-12),

Changes to ICRP Versions. Within the RESRAD-ONSITE Computer Code (Revision 7.2,

July 20, 2017), both DCFs and slope factors are used. For the verification calculations performed
in 2017, the program was first set to use ICRP38 for radionuclide transformations. This
configuration defaults to ICRP72 (selectable from adult to infant) for the internal dose library,
ICRPO6O for the external dose library, and FGR13 morbidity risk factors (Figure C-3). The
ICRP38 configuration best approximates the older 2006 (Revision 6.3) version of the calculator
that was used in 2006, as ICRP38 was replaced by ICRP107 in 2008 in the software program.
Then the calculator was set to use ICRP107 for radionuclide transformations. This configuration
defaults to U.S. Department of Energy (DOE) STD-1196-2001 Reference Person (selectable
from adult to infant) for the internal dose library, DCFPAK 3.02 for the external dose library,
and DCFPAK 3.02 morbidity risk factors (Figure C-4). Oak Ridge National Laboratory,
Calculation of Slope Factors and Dose Coefficients, September 2014
(https://epa-prgs.ornl.gov/radionuclides/SlopesandDosesFinal pdf) provides detailed information
regarding the development of the risk factors and dosees coefticients used in the current
RESRAD-ONSITE software program. Both the ICRP38 and ICRP107 versions of the
RESRAD-ONSITE calculator were run (using the 2006etd data), to provide an understanding of
the revisions to the RESRAD-ONSITE calculator, based on the results of the calculator runs.
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Title: EHESRAD Default Parameters

Radionuclide transformations based on ™ [CAP 107 i+ ICRP 38

ICRP 60 based esternal. inhalation, and ingestion dose conversion factors

Internal dose Library: [ICRP 72 (Adult) T

External dose hbrary: ICRP 603

Risk factors: FGR 13 Morbidity ht

Dose and slope factor database located in CARESRAD _FAMILYADCFY3.1

Cut-off Half Life: 180 days

MNumber of nuclides in the database with half life greater than the cut-off g 143
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User Preferences --
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1 _tat copy of Reports

Figure C-3. RESRAD-ONSITE Title Screen, ICRP 38
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Title: {RESRAD Default Parameters
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ICRFP 60 bazed external, inhalation. and ingestion doze conversion factors
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External dose library: DCFPAER3.02

Risk factoss: | DCFPAK3.02 Morbidity \
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User Preferences :-

Use Line Dsaw Character {7} Find peak pathway doses
{71 Save All files after each run {3 Time inteorated probabilistic risk

{3 .txt copy of Reports

Figure C-4. RESRAD-ONSITE Title Screen, ICRP 107

Changes to Dose Conversion Factors. RESRAD-ONSITE dose conversion factors were
evaluated for changes between the 2006 and 2017 software program (versions 6.3 and 7.2 and
ICRP38 and ICRP107, respectively). Only the key isotopes (those input in the calculator for the
modeling runs performed in both 2006 and 2017, **' Am, #°Pu, 24U, 2°U, and ***U) were
evaluated, as progeny isotope DCF values would likely follow suit of the parent isotope.

As shown in Tables C-10 and C-11, most DCF values for the inhalation and ingestion pathways
changed between the 2006 and 2017 calculator versions for the parent and progeny isotopes.
Shaded cells in the tables are the key isotopes (**°Pu, 2*' Am) that were input into the calculators.
Nonshaded table cells are isotopes that are introduced by the RESRAD-ONSITE calculator as a
result of progeny ingrowth during the 1000-year evaluation time period. While those added
isotopes add little value to the comparison aspect of the review, they represent the various DCFs
for the radionuclides that in-grow over the 1000-year evaluation time period.
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Table C-10. RESRAD Dose Conversion Facfors (2006 and 2017, Am and Pu, Adult)

DCFs for Inhalation (mrem/pCi)

Menu 2006 ICRP72 2017 ICRP38 2017 ICRP107 Parameter
Code Value Value Value Name
6.724 x 10° 2.104 x 10° 6.714 x 10~ DCF2(1)
1.600 x 10~ 3.552 x 10~ 3.630 x 101 DCF2(2)
5.400 x 107 1.850 x 107" 1.869 x 10~ DCF2(3)
BA 1.280 x 100 5.180 x 10~ 8.769 x 10~ DCF2(4)
1.900 x 10~ 4.440 x 107 4.477 x 107 DCF2(5)
29Th+D 2.169 x 100 9.481 x 10~ 9.865 x 101 DCF2(6)
233 1.350 x 10~ 3.552 % 1072 3.811x 1072 DCF2(7)
25+D 1.100 » 1072 3.145 x 1072 3.378 x 1072 DCF2(8)
DCFs for Ingestion (mrem/pCi
Menu | Parameterisotop | 2006 ICRP72 2017 ICRP38 2017 ICRP107 Parameter
Code e? Value Value Value Name

2Ipc+D 1.480 x 1072 4.473 x 1073 2.308 x 10°° DCF3(1)
7.400 x 10 7.400 x 10 8.806 x 10 DCF3(2)
ZINp+D 4.444 x 10-3 4.102 x 10~ 4674 x 104 DCF3(3)
D1 2Bipg 1.060 x 1072 2.627 x 10°8 2.068 x 108 DCF3(4)
9.300 x 10-4 9.250 x 10~ 1.066 x 103 DCF3(5)
29Th+D 4.027 x 10°3 2.269 x 10-8 3.329 x 103 DCF3(6)
233 2.890 x 10~ 1.887 x 10~ 2.227 x 10~ DCF3(7)
235U+D 1.713 x 10~ 1.752 x 10~ 2.048 x 10 DCF3(8)

&Nonshaded table cells are isotopes that are introduced by the RESRAD-ONSITE calculator as a result of progeny

ingrowth during the 1000-year evaluation time period.

+D = includes daughters (i.e., progeny)
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Table C-11. RESRAD Dose Conversion Factors (2006 and 2017, U, Adult)

DCFs for Inhalation (mrem/pCi)
Menu 2006 ICRP72 2017 ICRP38 2017 ICRP107 Parameter
Code Value Value Value Name
6.724 x 10° 2.104 x 10° 6.714 x 10~ DCF2(1)
1.280 x 109 5.180 x 10~ 8.769 x 10 DCF2(2)
210pp+D 2.320 x 10-2 3.697 x 1072 4.017 x 102 DCF2(3)
20Ra+D 8.594 x 103 3.526 x 102 3.823 x 102 DCF2(4)
B-1 280Th 3.260 x 101 3.700 x 10 3.848 x 10 DCF2(5)
1,300 x 102 3.478 x 102 3.737 x 102 DCF2(6)
1.100 x 102 3.145 x 102 3.378 x 102 DCF2(7)
1.060 x 102 2.960 x 102 3.212 x 102 DCF2(8)
238+D 1.063 x 102 2.963 x 102 3.215 x 102 DCF2(9)
DCFs for Ingestion (mrem/pCi
Menu | Parameterisolop | 2006 ICRP72 2017 ICRP38 2017 ICRP107 Parameter
Code ef Value Value Value Name
2TAc+D 1.480 x 102 4.473 x 10°3 2.308 x 1073 DCF3(1)
21pg 1.060 x 102 2.627 x 103 2.068 x 103 DCF3(2)
210pp+D 7.276 x 103 6.998 x 103 1.026 x 10-2 DCF3(3)
226Ra+D 1.321 x 103 1.037 x 10-2 1.677 x 10~ DCF3(4)
D-1 230Th 5.480 x 104 7.770 x 104 9.361 x 104 DCF3(5)
1.800 x 10~ 1.813 x 104 2150 x 10~ DCF3(6)
1.713 x 10~ 1.752 x 104 2.048 x 10 DCF3(7)
1.700 x 10~ 1.665 x 1074 1.939 x 1074 DCF3(8)
234D 1.837 x 10 1.791 x 104 2.112 x 104 DCF3(9)

# Nonshaded table cells are isotopes that are introduced by the RESRAD-ONSITE calculator as a result of progeny
ingrowth during the 1000-year evaluation time period.
+D = includes daughlers

AZ} & resuk Gf hh&ﬁéi)& made bem een- {he 4{)053 aﬁé A)} 7 RL&RAD eaicuiataf oF SORS, Wit

Notes
For information not available/provided in the 2006 RESRAD result data sheets ’7617 RESR AD-
ONSHE caicuiaﬁcr defauil values were usedtherevieweru R S

For Child Surface Soil Am and Pu, Solar Ponds Revision 7.2, the RESRAD-ONSITE internal
dose library allows for the selection of an age range of the Chlld s age (unlike 20006) for use in a
given scenario (five non-adult choices of age). Fhe-reviewerused-"Age 17 was used as the
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scenario input for the 2017 recalculation. The “Age” input section is very sensitive to the
calculation result, so results varied significantly (11.5-0.778 mrem) as age selection was varied.
The “older” ages (10 and 15) result in relatively smaller doses at time zero (the time of the
largest dose to the individual). The 2006 Child scenarios reviewed identified “child” as the
selection, and not “infant.” The reviewer followed suit and elected not to use the “infant” option
for the Age input selection.

C2.3.6 Dose Assessment Review Results

The dose assessment completed in 2006 used version 6.3 of the RESRAD computer code to
calculate radiation doses to a scenario-driven critical population within the COU. The input
parameters used in 2006 were entered into the most recent version of RESRAD (version 7.2) to
calculate dose. The results of these 2006 calculations were compared to the current version of
RESRAD (version 7.2) results, allowing the reviewer the ability to compare past RESRAD
calculation results to current results. This comparison can then be used to better understand if
changes in the results are occurring, and if occurring, to what magnitude. Note that a new dose
was not calculated for the COU in this evaluation. No new sample data were collected to support
this fourth FYR dose evaluation. Instead, the same input parameters and analytical data values
used in 2006 were entered into the most recent RESRAD version to determine the relative
impact of changes to the computer code.

In order to understand the relatively minor impact to dose resulting from the numerous changes
to input parameters and the computer model that have occurred since 2006, a range of exposure
scenarios and associated analytical data evaluated in the 2006 RESRAD (version 6.3) dose
assessment was entered into the current RESRAD model (version 7.2). Four existing 2006
scenarios were selected to review and recalculate total dose: (1) resident adult exposure to <*Pu-
239 and Am in subsurface soil in the Ash Pits East area, (2) resident child exposure to **Pu-239
and Am in surface soil at the Solar Evaporation Ponds, (3) WRW exposure to Unranis in
subsurface soil at the Wind Blown area, and (4) WRW exposure to Ussassuss in surface soil at
the Wind Blown area. This semi-random selection of scenarios was slightly bias-based to include
a mix of radionuclides (**' Am, #°Pu, #%U, 2°U, and ***U), both adult and child scenarios, and
three different locations with surface and subsurface impacts/potential impacts in different OUs
(COU and POU). Table C-12 presents the 2006 RESRAD scenario calculation results for the
four scenarios, the 2017 RESRAD-ONSITE scenario calculation results using ICRP 38, and the
2017 RESRAD-ONSITE results using ICRP107.

A comparison of the RESRAD version 6.3 dose results to the RESRAD version 7.2 dose results
indicates little change in total dose {Table C-12). Each of the 2006 scenarios evaluated yielded
similar results, suggesting that the changes in total dose for all scenarios and locations evaluated
in 2006 would be negligible using the current RESRAD model version. This simply means that
the changes to RESRAD since 2006 have not resulted in major impacts to dose calculated by the
model. That is, the dose calculated using RESRAD version 6.3 is nearly the same as the dose
calculated using RESRAD version 7.2, given the same site-specific input parameters used in
2006. Therefore, because the dose assessment from 2006 indicated that the lands within the COU
are in compliance with the dose criteria ARAR from the CAD/ROD with a total dose much less
than 25 mrem/year, a recalculation of dose using the most updated version of RESRAD weutd
yields the same results, and the ARAR would still be met. As a result, this FYR dose assessment
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conclusion that the remedy in the COU remains protective.

Table C-12. RESRAD Scenario Calculation Results (2006 and 2017)

RESRAD Scenario Identification Max'&‘:g‘mxgr;“se
2006 Resident Adult Subsurface Soil Am and Pu Ash Pits East 8.918 x 10
2017 Resident Adult Subsurface Soil Am and Pu Ash Pits East (ICRP38) 8.986 x 10
2017 Resident Adult Subsurface Soil Am and Pu Ash Pits East (ICRP107) 9.893 x 10
2006 Resident Child Surface Soil Am and Pu Solar Ponds 1.499 x 100
2017 Resident Child Surface Soil Am and Pu Solar Ponds (ICRP38) 1.351 x 10°
2017 Resident Child Surface Soil Am and Pu Solar Ponds (ICRP107) 1.361 x 10°
2006 WRW Subsurface Wind Blown U 8.499 x 103
2017 WRW Subsurface Wind Blown U (ICRP38) 8.682x 103
2017 WRW Subsurface Wind Blown U (ICRP107) 9.259 x 103
2006 WRW Surface Wind Blown U 8.029 x 102
2017 WRW Surface Wind Blown U (ICRP38) 8.226 x 102
2017 WRW Surface Wind Blown U (ICRP107) 8.818 x 10

C3.0 POU

The chemical and radiological risks associated with the POU were evaluated as part of the 2006
comprehensive risk assessment (DOE 2006). A radiological dose assessment using the RESRAD
computer code was also completed. The POU and OU3 (discussed in Section C4.0) were
determined to be suitable for UU/UE and were deleted from the NPL in 2007 (72 FR 29276).
Because conditions at these two OUs were determined to meet the criteria for UU/UE, a FYR of
these OUs is not required. However, the continued applicability of UU/UE for these OUs was
reviewed in light of potential changes to toxicity factors and other risk-related information since
the original UU/UE determinations were made. The conclusions from these reviews are
discussed in this section for the POU and in Section C4.0 for OU3.

C3.1 Chemical Constituents Evaluation

The chemical review of the UU/UE criteria for the POU utilized a similar approach as the COU
chemical risk evaluation. The rural resident soil action levels calculated in 2002 were compared
to the EPA 2016 residential RSL table values (most recent values available). All 2016 RSLs that
were lower than the 2002 values (i.e., were more conservative) were retained for comparison
against residual POU surface soil concentrations from the 2006 CRA dataset (Table C-13). All
residual surface soil concentrations correspond to levels within or below the CERCLA
acceptable risk range (1 x 10#to 1 x 10°°) based on the updated residential RSLs. It is therefore
confirmed that the POU is still suitable for UU/UE.
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Table C-13. 2016 Residential RSLs and POU Surface Soil Concentrations

Constituent 2016 Residential RSLs Range of _Concentrations
(ua/ka) Detected in POU Surface
. Soils
Risk Level 1% 10 1x10°® (ug/kg)
2,6-Dinitrotoluene 36,000 360 170-550
Benzo[alanthracene 16,000 160 170-550
Benzo[a]pyrene 1600 16 170-1000
Benzo[blfluoranthene 16,000 160 170-550
Bis(2-chloroethyl)ether 23,000 230 170-550
Bis(2-chloroisopropyl)ether 8600 86 170-550
Dibenzfa, hlanthracene 1600 16 170-550
Hexachlorobenzene 21,000 210 170-550
Indeno[1,2,3-cd]pyrene 16,000 160 170-550
N-Nitroso-di-n-propylamine 7800 78 170-550
Aroclor-1254 3,800 1202 80-260
Pentachlorophenol 100,000 1000 850-2650

Note:
@ Upper screening level based on HQ = 1.

Abbreviation:
pg/kg = micrograms per kilogram

(3.2 Radiological Constituents Evaluation

The radiological review of the UU/UE criteria for the POU utilized the same approach asused-for
the COU radiological reviewﬁ%@eev&i&aﬁe& The 2647 EPA online calculator was used to

2006 C %EJ R(}D ihcse PRGE} that were then compared to the rural resident PRGs calculated in

wspning-the-same-data-tnputs. As with each of the risk reviews completed for this FYR
report no new s011 analytlcal data were collected. The site-specific input parameters for the POU
risk review were taken from the 2002 Radionuclide Soil Action Levels report (DOE, EPA, and
CDPHE 2002) and are presented in Figure x-x. It was necessary to use the input parameters from
this report because, unlike the 2006 CRA, the 2002 report included evaluation of a rural resident
scenario, which is appropriate for the UU/UE evaluation.
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Table C-14 presents the results of the POU UU/UE review Although the only COCs identified

consistent with the COU and OU3 reviews. As shown in the table the 2017 PRGs for Z£Am-
244 29Py-239 U234 and ° ’8U~2—’§»§§ at arrsk level of 1 x lO are lower than those calculated
1n 2002 at the same nsk level Fhism f erallrskfro

changes in the PRGs for 2--A-‘---’-Pu -23% are srgnrﬁcant across the r1sl< range (l X lO’4 t01x lO”)
which indicates that the calculated risk associated with #?Pu-239 for the rural resident has
increased since 2002. To provide perspective, the MDC of #2Pu-23% in the POU in 2006 was
approximately 20 pCi/g (DOE, EPA, CDPHE 2006). This equates to a risk between 1 x 107* and
1 x 10°° when compared to the 2017 PRG values. While this risk is closer to the higher end of
the risk range (i.e., less protective), it is still within the EPA acceptable risk range considered by
EPA 1o be protective of human healththe acceptable sisk range. Based on this FYR radiological
review, the POU continues to meet the criteria for UU/UE.

A comparison of 2017 PRGs for the COU {Table C-93 and the POU (Table C-14) shows that the
calculated PRGs decreased from the original PRGs for 2Pu, “U. 2*U in both the WRW and
rural resident scenarios. The PRGs for *'Am and **U increased from the original PRGs using
the WRW scenario in the COU and decreased from the original PRGs using the rural resident
scenario in the POU. The decreases in the PRGs are attnibuted to the revision of slope factors for
Pu and U that were adopted by EPA over the vears since the original PRGs were calculated. In
addition, differences in the exposure pathwavs inherent to the WRW and rural resident scenanos
also impact the PRG caloulations, For example, the WRW scenarnto does not include exposure
pathwavs for the ingestion of vegetables, whereas the rural resident scenario does include this
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pathwav. Thus, because the rural resident is potentially exposed to site contaminants through
more pathwavs than the WRW. the PRG value to protect the resid@nt must be lower than the
PRG value to protect the WRW at the same risk level (ie 1 x 107

Table C-14. PRGs for POU Rural Resident Exposure Scenario

{(poiy)
Isoto 200,2& i g
pe (pCilg) (usm{gpéié 107)

Risk Level 1 x 10 1% 1075 1 %106 1 %10~ 1 %105 1x 106
24Am 70 7.0 1.0 53.5 5.35 0.535
29py 128 13.0 1.0 435 4.35 0.435
2400y Not available® 4386 4.38 0.436
234U 36 4 0.4 12.3 1.23 0.123
235 11 1 0.1 11.4 1.14 0.114
238 40 4 0.4 13.6 1.36 0.136

* The rural resident exposure scenario 18 more conservative than the WRW and WRYV exposure scenarios applicable to the COU.
b DOE. EPA. CDPHE 2002

° The source docurnent for the 2002 PRGs onlv included a PRG for ®°Pu; a PRG for *Pu was not included in the source
document.

C4.0 OU3

A Resource Conservation and Recovery Act (RCRA) Facility Investigation/Remedial
Investigation (RFI/R1) report and baseline risk assessment (BRA) were completed for OU3 in
June 1996 (DOE 1996). This report identified the COCs in QU3 as #22%py.236/244 and *#Am-
244 in surface soils and 222%°Py-239/248 in surface sediments within the Great Western
Reservoir. Although COCs were only identified for surface soil and sediment in OU3, the
Facility Investigation/Remedial Investigation gathered and considered a substantial amount of
surface water, groundwater, and air data. The BRA included evaluation of residential and
recreational exposure scenarios and concluded that conditions in OU3 were within the acceptable
risk range for protection of human health. The CAD/ROD for OU3 was published in June 1997
and selected no action as the remedy (DOE, EPA, and CDPHE 1997).

C4.1 Radiological Constituents Review Methodology and Results

The 2017 PRGs calculated for the POU rural resident in Table C-14 were compared to the PRGs
onanally caleulated for QU3 in 1994, The 2017 PRGs ysed for the FYR nisk review of the POU
were used for the QU3 comparison because these PRGs were calculated using the most up fo

date input parameters for a residential scenario. As with the COU and POU risk reviews, ne new
data were collected for the FYR risk review for QU3 . evaluations-the- 2017 EPA online

sa-foe 3113 that oo s by
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where:
Variable Explanation (Units) Default Value
PP‘Df“j Bick baosed BRRO forsusface. s gil.based. on-sesidentialise fmgflm\ -
TR target excess lifetime cancer risk (unitless) 1g¢
AT averaging time (years) : 70 years
EF exposure frequency {days/year) 350 days/year
SFi inhalation cancer slope factor {mg/kg-day)’ COC-Specific
IRa daily inhalation rate {m*/day) 20 m¥day
ED exposure duration (years) 30 vears
BW adult body weight (kg) 70 kg
PEF particulate emission factor {(m*/kg) 4.63 x 10° m¥kg
SFo oral cancer slope factor (mg/kg-day)’? COC-Specific
1F age-adjusted soil ingestion factor {mg-yr/kg-day) 114 mg-yrikg-day
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As stated in the 1996 RFUVRI for QU3 U isotopes were not considered to be above background
ccncmtratiom and w ere not identiﬁed as COCE} ﬁowcv\ e, F10 provide perspective the

soil (DOE 1996). Uranium-234 was detected at 2.02 pCt/g, and mE Tt%mema»lgg was detected at
2.15 pCi/g, which are both belew-the 2017 resident- PR Gs-caleulate bes-reviewewithin the
EPA acceptable nisk range. as shown in Tdb e (‘ 15, As atatted in the 19% CAD RO, the only
COCs identified for QU3 were Py, “YPy, and *'Am (DOFE, EPA, CDPHE 1997). The highest
surface soil level for 272y was 6.47 pCi/g and for 7Y Am was 0.52 oCi/e (DOFE, EPA. CDPHE
1997). A comparison of these data with the 2017 PRGs calculated for the rural resident
demonstrates that the highest Pu and Am levels measured at QU3 fall within the EPA acceptable
sk range considered by EPA 10 be protective of human health (Table C-15). As such, Based-on
thisrskreview; OU3 continues to meet the conditions for UU/UE.
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Table C-15. PRGs for OU3 Residential Exposure Scenario

Isotope 199,42 201.7
{pCig) (pCiig}
Risk Level 1x10°° 1x 10~ 1x107° 1x10-%
2Am 2.37 53.5 5.35 0.535
29py 3.43 435 435 0.435
24y 453 12.3 1.23 0.123
235 0.17 114 1.14 0.114
2381 46.0 13.6 1.36 0.136
ADOE 1994

Fable C-16-Recaloulated PRGs for L-234-and L-238
{pClig-at-a-8-x- 105 rigkdevel}

1584

452
48.9
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